(19) 




Europaisch s Patentamt 
European Patent Offic 
Offic uropeen des brevets 




(12) 



(43) Date of publication: 

20. 1 0 .1 999_Bu Hot in J 999/42 



( ii) EP 0 950 493 A1 

EUROPEAN PATENT APPLICATION 

(51) Intel. 6 : B29C 45/17 



(21) Application number: 99200120.6 

(22) Date of filing: 10.01.1996 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 27.01.1995 EP 95200198 

(62) Document number(s) of the earlier application (s) in 
accordance with Art. 76 EPC: 
96900019.9 / 0 751 858 

(71) Applicant: Koninklijke Philips Electronics N.V. 
5621 BA Eindhoven (NL) 



(72) Inventor: Driessen, Marcellis Hendrikus Julianus 
Prof. Holstlaan 6, 5656 AA Eindhoven (NL) 

(74) Representative: 

Cuppens, Hubertus Martin us Maria 
INTERN ATI ON A AL OCTROOIBUREAU B.V., 
Prof. Holstlaan 6 
5656 AA Eindhoven (NL) 

Remarks: 

This application was filed on 1 5 - 01 - 1 999 as a 
divisional application to the application mentioned 
under INI D code 62. 



(54) Method for injection-moulding of a product 

(57) A method is described for injection-moulding a 
product by means of the so-called gas-injection method. 
A special feature of the method is that in addition to the 
forming of a first gas volume (41 ) and a second gas vol- 
ume (42) in a product cavity (10) by injecting gas via a 



first gas inlet (51) and a second gas inlet (52), an alter- 
nating pressure difference is applied between said gas 
volumes such that the magnitude of the gas volumes 
alternately increases and decreases in order to control 
the distribution of material injected. 




Pmted by Jouve. 75001 RVR1S (FR) 



1 



EP 0 950 493 A1 



2 



Des ription 

[0001] The invention relates to a method for injection- 
moulding a product, including the steps of: injecting an 
amount of a liquid material into a mould having a product 5 
cavity definingthe contours of the product, forming afirst 
gas volume and a second gas volume in the product 
c^it^byihjecting~ga 

gas inlet, respectively, which first and second gas inlet 
are in communication with the product cavity, allowing 10 
the liquid matenal in the product cavity to solidify, and 
removing the product from the product cavity. 
[0002] Such a method is known from US-A-5, 098,637 
which describes the injection-moulding of a hollow prod- 
uct. In accordance with the known method a hot and is 
consequently liquid plastic is injected into a product cav- 
ity, after which gas is injected into the product cavity via 
a first and a second gas inlet, which inlets terminate in 
the product cavity. The injection of gas via two gas inlets 
results in two gas volumes which are separated by a 20 
volume of liquid plastic. The gas urges a part of the liquid 
plastic into a spill cavity, resulting in two voids in the 
product, which voids are separated by a plastic wall. Fi- 
nally, the plastic solidifies by cooling, after which the 
product is taken out of the product cavity and the plastic 25 
stemming from the spill cavity is removed. The volume 
of the spill cavity is adjusted by means of a setscrew 
prior to moulding. A drawback of this method is the ab- 
sence of an adjustment possibility during injection- 
moulding. 30 
[0003] It is an object of the invention to provide a 
method by means of which it is possible to control the 
distribution of a quantity of material injected into the 
mould between the product cavity and the spill cavity. 
[0004] To achieve this object the method in accord- 35 
ance with the invention is characterised in that an alter- 
nating pressure difference is applied between the gas 
volumes such that the magnitude of the gas volumes 
increases and decreases. 

[0005] It is also possible to drive the still liquid material 
to and fro between two gas inlets by alternately revers- 
ing the sign of the pressure difference if both gas inlets 
terminate in the product cavity at some distance from 
one another. A thin layer of the still liquid material will 
then each time settle on the already solidified wall of the 
hollow space in the product. Thus, the liquid material will 
ultimately be spread over this wall so that one hollow 
space is formed. 

[0006] The invention further relates to a mould for in- 
jection-moulding of a product, which mould can be used 
into the method in accordance with the invention. 
[0007] Furthermore the invention relates to a product 
manufactured by the method in accordance with the in- 
vention. 

[0008] The invention will now be described in more 
detail, by way of example, with reference to th draw- 
ings, in which 



Figure 1 shows an injection -moulding plant for car- 
rying out the method in accordance with the inven- 
tion, 

Figure 2 shows an embodiment of a mould during 
use of a variant of said method, 
Figure 3 gives an example of the selected pressure 
as a function of time in the process of a variant of 

said-method, 

Figure 4 shows another embodiment of the mould, 
Figure 5 shows a part of the mould shown in Figure 
4 during a first step of a variant of said method, 
Figure 6 shows a detail of the mould shown in Fig- 
ure 4 during a second step of a variant of said meth- 
od, 

Figure 7 shows a detail of the mould shown in Fig- 
ure 4 during a third step of a variant of said method, 
Figure 8 shows a detail of the mould shown in Fig- 
ure 4 during a fourth step of a variant of said meth- 
od, 

Figure 9 shows an embodiment of the mould in ac- 
cordance with the invention during use of a variant 
of the method in accordance with the invention, and 
Figure 1 0 shows the mould of Figure 9 during a sub- 
sequent step of the variant of the method in accord- 
ance with the invention. 

[0009] It is to be noted that the embodiments ar 
shown diagrammatically and the Figures are shown to 
an arbitrary scale, which is not always the same. 
[0010] Figure 1 shows an injection-moulding plant for 
carrying out the method in accordance with the inven- 
tion. The injection-moulding arrangement includes a 
gas supply arrangement 1 00, a mould 60, and a material 
supply arrangement 90, which is known perse. The gas 
supply arrangement 100 comprises a gas supply chan- 
nel 73, which is connected to a first gas outlet 75 via a 
first gas control means 85 and to a second gas outlet 
77 via a second gas control means 87. By means of this 
gas supply arrangement 100 gas from a supply vessel 
71 connected to the gas supply channel 73 can be in- 
jected into a mould 60 via the gas outlets 75 and 77 and 
the gas inlets 51 and 52. The gas control means 85 and 
87 include a plurality of parallel channels 79, which each 
have a pressure regulator 81 and an electrically control- 
lable valve 83 by which the channels 79 can be closed. 
The pressure regulators 81 have a vent to bleed gas to 
the environment in order to allow the pressure to be re- 
duced. By setting each of the pressure regulators 81 to 
a different value the pressure of a gas volume connect- 
ed to the associated gas outlet can be adjusted to one 
of the preset values by opening one of the valves 83 and 
closing the other valves 83. To control the valves 83 the 
gas supply arrangement 100 comprises a control unit 
89. This control unit 89 is constructed so as to enable 
at I ast two gas control means 85 and 87 to b controlled 
in accordanc with a preset program. 
[0011] Figure 2 is a cross-sectional view showing a 
mould 60. The mould 60 comprises an upper mould sec- 
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tion 61 and a low r mould section 62, in which a product 
cavity 1 0 and a spill cavity 20 are formed. The spill cavity 
20 is in open communication with the product cavity 10 
by means of a channel 30. A hot and consequently liquid 
matenal, in the present case a plastic 1 , is injected into 
the mould 60 via a gate 63 and a sprue channel 9. The 
mould 60 has a first gas inlet 51 , which opens into the 
product cavity 107The mould~60 furtheThas a second" 
gas inlet 52, which opens into the spill cavity 20. In the 
product cavity 10a gas volume 41 is formed by injecting 
gas via the first gas inlet 51 . In the spill cavity 20 a sec- 
ond gas volume 42 is formed by gas injection via the 
second gas inlet 52. The material 1 at the wall 11 ol the 
product cavity 1 0 cools rapidly by the contact with the 
wail 11 . As a result of this cooling, the material near the 
wall 11 solidifies. The material in the central area ol the 
product cavity 10 remains liquid lor some time because 
its heat has to be carried off via the material 1 1 adjoining 
the wall 11 . The still liquid material in the central area of 
the product cavity 10 is readily displaced by the gas in- 
jected via the first gas inlet 51 . This results in a first gas 
volume 41 , which forms a hollow space in the central 
part of the product. The content of the gas volume 41 
depends on the amount of material 1 injected into the 
mould 60 and on the shrinkage of the material 1 during 
cooling. In a variant of the method in accordance with 
the invention the gas is injected simultaneously via the 
first gas inlet 51 and the second gas inlet 52. The gas 
injection via the first gas inlet 51 is effected with a higher 
pressure than the gas injection via the second gas inlet 
52. Since the pressure in the first gas volume 41 is high- 
er than in the second gas volume 42 at least a part of 
the liquid material between the two gas volumes is urged 
into the spill cavity 20. After a given time the pressure 
in the gas volume 42 is equalised to the pressure in the 
first gas volume 41.. When the pressure in the two gas 
volumes is equal the volume of liquid material is no long- 
er displaced. The amount of material flowing into the 
spill cavity 20 is determined by the pressure difference 
between the gas volumes 41 and 42 and the time during 
which this pressure difference is sustained. The material 
stream from and toward the spill cavity 20 can be con- 
trolled by varying this pressure difference and this peri- 
od of time. 

[0012] In the example shown in .Figure -2 the channel 
30 is connected to the product cavity 10 near a dead- 
end zone 1 3 of the product cavity. If the gas volume 41 
does not extend entirely into the dead-end zone 13 of 
the product cavity 10a solid portion is formed. Such a 
solid portion requires a longer cooling time. As a result, 
the time during which the product should remain in the 
mould 60 increases, so that the production costs of the 
product increase. Anoth r disadvantage of a such a sol- 
id portion is that dunng cooling th materiail may locally 
becom d tached from the wall 11 of the product cavity 
10 as a result of mat rial shrinkage. This gives nse to 
so called sink marks. A sink mark is a product area 
where the surface has sunk relative to other parts of the 



surface. Such a sink mark is v ry w II visibl and leads 
to a poor surface quality of the product Such sink marks 
do not occur in the holbw parts of the product because 
the gas pushes the material 1 against the wall 11 of the 
s product cavity 10. The mentioned measures enable the 
amount of material 1 flowing into the spill cavity 20 to be 
controlled exactly in such a way that the first gas volume 

41-extends-into-the dead-end-zone-13 oMhe-product 

cavity 10. 

10 [0013] Figure 3 shows an example of the pressure se- 
lected for the first gas volume 41 and the second gas 
volume 42 as a function of time in the process of a var- 
iant of the method. The pressure in the first gas volume 
41 bears is referenced 111 and the pressure in the sec- 
is ond gas volume 42 is referenced 112. As a result of 
these measures, material is urged into the spill cavity 
20 during a first penod in the formation of the first gas 
volume 41 (see Fig. 2). During a second period material 
is urged back from the spill cavity 20 into the product 
20 cavity 10 in that the pressure of the gas in the second 
gas volume 42 is made higher than the pressure in the 
first gas volume 41 . Urging the material back into the 
product cavity 1 0 further helps to prevent the occurrence 
of sink marks. 

25 [0014] Figure 4 shows another embodiment of a 
mould 60 dunng a first step of another variant of th 
method. In this first step material 1 is injected to th 
product cavity 1 0. The shape of the product cavity 1 0 is 
such that the material is split into two material streams 
30 bounded by stream fronts 3 and 5. Moreover, the prod- 
uct cavity 10 has such a shape that the stream fronts 3 
and 5 of the two streams of material meet at a location 
1 5 in the product cavity 1 0. At this location 15a channel 
30 is connected to the product cavity 10, which channel 
35 10 connects the product cavity 10 to a spill cavity 20. 
The mould 60 has a first gas inlet 51 , which is situated 
in the sprue channel 9 and which terminates in the prod- 
uct cavity 10 v/athis sprue channel. 
[0015] Figure 5 shows a part of the mould 60 of Figure 
40 4. The stream front 3 and the stream front 5 collide at 
the location 15. In the absence of the channel 30 con- 
necting the product cavity 10 to the spill cavity 20, the 
two material streams would not blend properly. This 
would result in a so-called flow line at the location 15. 
45 such a flow line is visible at the product surface and 
gives the impression of poor quality. Moreover, the prod- 
uct is more likely to break at the location of the flow line 
because the molecules of the material are not 
crosslinked beyond the flow line. 
so [0016] Figure 6 shows the same part as Figure 5 but 
now during a second step of the variant of the method. 
The material streams reach the spill cavity 20 in that the 
channel 30 is arranged at the location where the mate- 
rial streams meet. 
ss [0017] Figur 7 shows the sam partasFigur s5and 
6 in a third step of the variant of th m thod. In this st p 
the spill cavity 20 is wholly filled with the matenal 1 The 
two material streams have blended with one another 
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during filling of the spill cavity 20. The gas inlet 52 is 
arranged in such a manner that in the case of a filled 
spill cavity 20 it is wholly surrounded with the material 
1 . This minimises the risk of breakthrough of the gas, in 
which case gas would leak away to the environment. If 
the spill cavity 20 is not yet filled completely with matenal 
1 at the instant that gas is injected into the spill cavity 
- there will be a nsk thatthe-gasbreaks-through the ma — 
terial and leaks away through an opening in the mould 
60, so that the pressure does not remain at the required 
level. Owing to said measure the spill cavity 20 is prop- 
erly filled with the material 1 , so that an opening is closed 
by a layer of material, which is correctly supported at all 
sides by the cavity walls. The material is far more vis- 
cous than the gas and therefore cannot rapidly escape 
through a gap. The gas is thus trapped by the material. 
[0018] Figure 8 shows the same part as Figures 5, 6 
and 7 in a fourth step of a variant of the method. In the 
fourth step gas is injected into the spill cavity 20 via the 
s cond gas inlet 52 with a higher pressure than that in 
the product cavity 10. As a result, a gas volume 42 is 
formed and the material 11 is the spill cavity 20 is partly 
urged back into the product cavity 10 via the channel 
30. This urging back ensures an even better blending of 
the streams of material, thereby preventing the forma- 
tion of flow lines. Moreover, urging back of the material 
compensates for shrinkage of the material in the product 
cavity 10. 

[0019] Figure 9 shows an embodiment of a mould 60 
in accordance with the invention in the process of a var- 
iant of the method in accordance with the invention. The 
mould 60 has a product cavity 10 and a spill cavity 20 
which are in open communication with one another by 
means of a channel 30. The product cavity 10 is filled 
with a liquid matenal 1 for 95 % via an injection nozzle 
69. Subsequently, gas is injected via the first gas inlet 
51 , which is inserted into the injection nozzle 69, in order 
to form a first gas volume 41 in the product cavity. The 
pressure at the second gas inlet 52, which is inserted in 
the spill cavity, is smaller than that at the first gas inlet. 
The displacement of the still liquid material in the spill 
cavity 20 is controlled by controlling the pressure differ- 
ence. 

[0020] Figure 10 shows the mould of Figure 9 during 
a subsequent step of the variant of the method -in ac- 
cordance with the invention. In this subsequent step gas 
is injected into the spill cavity 20 v/athe second gas inlet 
52 with a pressure higher than that existing in the first 
gas volume 41 . This results in a second gas volume 42, 
which is separated from the first gas volume 41 by a 
volume of liquid material 12. By making the pressure in 
the second gas volume 42 higher than the pressure in 
the first gas volume 41 for some time the second gas 
volum 42 will xtend into the product cavity 10. As a 
result, the still liquid material 12 will be driven to a loca- 
tion wher the product requires a solid filling in order to 
obtain additional strength at this location. It is even pos- 
sible to urge the still liquid material to and fro by alter- 



nately reversing the sign of the pressure diff rence be- 
tween the gas volumes 41 and 42. A thin layer of mate- 
rial will then each time settle on the already solidified 
wall 17 of the hollow space in the product, so that the 

5 amount of liquid material 1 2 decreases. Eventually, the 
residual liquid material 12 can then be urged into the 
spill cavity 20 by making the pressure in the first gas 

volume 41-higher-than-the pressureJn_the„second_gas_ 

volume 42. This variant of the method in accordance 

10 with the invention provides an entirely hollow product for 
which the amount of material ultimately left behind in the 
spill cavity 20 is limited. This limitation allows the mate- 
rial in the spill cavity 20 to cool comparatively rapidly 
and less waste material is produced in comparison with 

is a method in which the entire spill cavity is filled with ma- 
terial. Indeed, the material which solidifies in the spill 
cavity 20 is removed from the product and should there- 
fore be regarded as waste. 

[0021] Several other modifications are conceivable 
20 within the scope of the invention. For example, the 
mould 60 may have a plurality of spill cavities 20. More- 
over, advantages of the invention can also be gained 
with embodiments in which the second gas inlet 52 ter- 
minates directly in the product cavity 1 0. In addition, the 
2S invention can also be used in injection-moulding or die- 
casting processes where the material 1 consists of a 
metal, a synthetic material filled with metal particles, or 
metal alloys. 
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1. A method for injection-moulding a product, includ- 
ing the steps of: 

injecting an amount of a liquid matenal (1 ) into 
a mould (60) having a product cavity (10) de- 
fining the contours of the product, 
forming a first gas volume (41) and a second 
gas volume (42) in the product cavity by inject- 
ing gas via a first gas inlet (51) and a second 
gas inlet (52), respectively, which first and sec- 
ond gas inlet are in communication with the 
product cavity, 

allowing the liquid matenal in the product cavity 
to solidify, and 

removing the product from the product cavity, 

characterised in that an alternating pressure differ- 
ence is applied between the gas volumes (41 , 42) 
such that the magnitude of the gas volumes alter- 
nately increases and decreases. 

2. A method as claimed in Claim 1 , charact rised by 
driving the still liquid material to and fro betw en 
both gas inlets (51, 52) by altemat ly receiving the 
sign of the pressure difference if the gas inlets ter- 
minate in the product cavity (10) at some distance 
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